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Monday, February 17, 2014 387abe capable of sensing the interactions. Field-effect transistors (FET) have been
widely used as biosensors, but are generally used with a large number of
molecules to obtain a sufficient signal. The measurements taken with the
FET-based biosensors are mostly ‘‘on’’ or ‘‘off’’ measurements, which are
determined by the presence or absence of a reaction. A specific type of
FET, the p-type metal oxide semiconductor FET (pMOSFET) appears to be
a promising biosensor device. The pMOSFET contains holes in the channel,
also known as the inversion layer, opposite in carrier type to the substrate.
An atomic force microscope (AFM) has shown the ability to measure molec-
ular interactions down to the single molecular level and to control the distance
between a ligand and a receptor protein up to subatomic resolution. The inte-
gration of AFM and FET technologies has the potential to provide not only
valuable information about these biomolecular interactions that has not
been accomplished by other methods, but also a much more rapid drug
screening technique. The ability to control single molecules will allow for
the comprehensive study of biomolecular interactions at the single-
molecular level. This presentation will show how the AFM and FET were
integrated into one functioning biosensor. The efficiency at detecting single
molecular binding and unbinding events will be demonstrated by probing
the interactions between avidin-biotin complexes.
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There are strong indications thatmechanical forces are particularly relevant
in immune recognition. For the immune system, the enormous variety of anti-
genic ligands imposes a fundamental challenge to the discriminative power; the
mechanism for discriminating between activating and non-activating ligands
has remained enigmatic.
In a recent theoretical study we showed how forces alters the potency for recep-
tor ligand discrimination by orders of magnitudes(1). For the T cell receptor,
which specifically binds to peptides presented by MHC on an antigen-
presenting cell, discrimination can be realized with kinetic proofreading, which
fails when ligands have only marginal differences in their off-rates. We
showed, however, that the specificity of antigen-recognition can bemassively
improved by putting the TCR-pMHC bond under load: while under no force
the bond rupture probability decays exponentially with time, force-induced
bond rupture leads to much narrower distributions.
Here, we present cellular traction force microscopydata to measure forces
involved during T cell activation. Hydrogels were prepared with variable
stiffness. Fluorescent beads carrying CD3 antibodies were immobilized onto
the top layer of the hydrogel. Forces are read out by measuring the fluorescent
bead movement throughout T cell attachment and activation. The bead move-
ment was directly correlated to forces applied to the antibodies immobilized on
the beads. Moreover, discrimination between lateral and transversal applied
forces was possible by tracking the beads’ positions in 3D.
1.Klotzsch, E., and G.J. Schu¨tz. 2013. Improved Ligand Discrimination by
Force-Induced Unbinding of the T Cell Receptor from Peptide-MHC. Biophysj.
104: 1670-1675.
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Single molecule force spectroscopy allows for measurement of the unbinding
forces between a tip-tethered ligand and a cognate receptor molecule which
is immobilized on the sample surface. Conventionally, the atomic force micro-
scope (AFM) tip is aminofunctionalized and the ligand is coupled via a linear
heterobifunctional poly(ethylene glycol) (PEG) linker. This approach restricts
the use of force microscopy to the investigation of single ligand-receptor pairs.
For extension of the technique to the analysis of dimeric or oligomeric recep-
tors, new crosslinkers carrying two or four terminal coupling groups for ligand-
attachment were synthesized.
The syntheses are based on tri- and pentavalent core units. Heterobivalent
PEGs serve as elongations to create the optimal ligand-to-ligand distance for
each ligand-receptor system. In case of the bivalent linker, lysine was chosen
as branching element and the biotin-streptavidin couple served as test system.
The probability density function (histogram) of the unbinding forces showed
two peaks, reflecting mono- and bivalent binding of the tip-bound bis-biotin
linker to one support-bound streptavidin molecule. The tetravalent linker was
prepared from three copies of a symmetric trifunctional subunit formed fromlysine which carries a b-alanine on its a-amino group. In a multistep reaction,
a 2*2 ‘‘fork’’ with four terminal amino groups was synthesized. Fortunately it
was possible to elongate each prong of the 2*2 fork with a PEG chain of the
same length, using HATU and HOAt for in-situ coupling of amine and carboxyl
groups. Terminal azido-groups provide for coupling of alkyne-functionalized
ligands directly on the tip. In conclusion, branched crosslinkers permit single
molecule force spectroscopy on oligomeric receptors; their modular structure
can easily be adapted for different ligand-receptor-system in terms of coupling
functions and ligand-to-ligand distance.
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We present the design and characterization of a high force magnetic tweezers
device that can apply controlled forces to magnetic beads embedded into soft
materials or biological systems, while visualizing the resultant material defor-
mation with microscopy. Using finite element analysis (FEA), we determined
the effect of the geometry of the NdFeB magnet array, as well as the geometry
of iron yokes designed to focus the magnetic fields. Sixteen shape parameters
including the magnet size, positioning and yoke curvature were defined and
modeled using open-source magnetic FEA software. Parameter sweeps were
performed using custom-written Matlab code. Geometries were optimized for
the magnitude of the magnetic field gradient and the length scale over which
the magnetic force operated. Once an optimal design was identified, the yoke
was fabricated in-house and the FEA validated by mapping the device’s mag-
netic field. To demonstrate the usefulness of this approach, we produced a mag-
netic tweezers device designed for use with optical microscopes available in a
core imaging facility. The application demanded device portability and the
ability to interface with a number of microscopes, thus imposing significant
size restrictions on the magnets used. Iterative FEA delivered an optimal
magnet-yoke geometry, which could be mounted to a carriage that advances
or retracts on command, giving the operator fine control over the applied force.
Such automation allows for rapid force switching, and also allows the effects of
long periods of cyclical loading to be determined. In future work, such an FEA
approach could easily be adapted to a range of design goals/restrictions to
create an efficient means of testing possible magnet configurations, while
streamlining the design and construction of specialized instrumentation for
force-sensitive microscopy.
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The ability to study individual biomolecules in vitro has greatly expanded our
knowledge of biological systems. Existing single-molecule techniques, such as
optical and magnetic tweezers or atomic force microscopy, allow manipulation
of individual biomolecules like DNA. They suffer from either being technically
challenging or they offer low experimental throughput. We invented a novel
lab-on-a-chip method to exert controllable forces on multiple DNA molecules
simultaneously using ultrasound: single molecule Acoustical Pushing (smAP).
smAP consists of a resonator integrated into a micro-fabricated fluidic chip. An
acoustical pressure gradient is created homogeneously throughout the sample
enabling to exert forces on DNA-tethered beads. By changing the amplitude
of the driving voltage the pressure gradient can be altered, allowing sensitive
control of the force applied to the DNA molecules.
This approach makes it possible to apply forces up to hundreds of picoNewtons
homogeneously over an area of several millimeter squared, allowing multiplex-
ing to an unprecedented level. We validate this novel single-molecule method
by recording force-distance curves of DNAmolecules, both double- and single-
stranded, in the presence of DNA-binding proteins. The simplicity and low cost
makes smAP a widely accessible tool for biophysicists.
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Riboflavin ligands present an alternative pathway for targeted drug delivery as
riboflavin receptors are over-expressed in breast and prostate cancer cells. We
have examined a riboflavin-conjugated PAMAM dendrimer (generation 5) for
388a Monday, February 17, 2014targeting riboflavin binding protein (RFBP), which acts as a model protein for
the riboflavin receptor. A single molecule force spectroscopy study using
Atomic Force Microscopy (AFM) was performed to examine the binding inter-
actions between riboflavin-conjugated dendrimers and RFBP. Using multiple
theoretical models, the apparent kinetic and thermodynamic parameters for
the riboflavin-conjugated dendrimer system were estimated.
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Past studies of DNA-surfactant aggregates involving UV-spectroscopy and gel
electrophoresis show that when 20 to 100 base-length oligonucleotides interact
with the surfactant CTAB in specific ratios of surfactant to oligonucleotide
base, they form aggregates. The interaction between the oligonucleotide and
surfactant molecule appears to involve both the hydrophilic head and the hydro-
phobic tail of CTAB. We characterized these aggregates using an atomic force
microscope (AFM) by drying DNA-CTAB solutions on mica and silicon,
reconstituting the dried aggregates in buffer and imaging them in fluid. Topo-
graphical data was collected that showed consistent, almost hexagonal, regular
patterns of aggregates on the surface, and we studied the surface properties of
the aggregates using force spectroscopy with functionalized AFM tips. The
spring constants of the aggregates and information on the adhesion forces be-
tween the derivatized tips and the aggregate surfaces were obtained. Prelimi-
nary results show that tips functionalized with 1-dodecanethiol were found to
have a lower adhesion to the aggregate surface than tips functionalized with
mercaptoundecanoic acid implying that the surface of the aggregate is also
hydrophilic.
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SNARE proteins drive membrane fusion by assembling into a four-helix bundle
in a zippering process. The energetics and kinetics of SNARE zippering have
not been well characterized, but are critical to understand the functions of
brains and other basic cellular processes, as well as their associated diseases.
We used high-resolution optical tweezers to observe in real time a long-
sought SNARE assembly intermediate in which only the membrane-distal
N-terminal half of the bundle is assembled. Our finding supports the zippering
hypothesis, but suggests that zippering proceeds through three sequential
binary switches, not continuously, in the N- and C-terminal halves of the
bundle and the linker domain. The half-zippered intermediate was stabilized
by externally applied force which mimicked the repulsion between apposed
membranes being forced to fuse. This intermediate then rapidly and forcefully
zippered, delivering free energy of 36 kBT to mediate fusion. Thus, the synap-
tic SNARE complex seems perfectly evolved for precise regulation of neuro-
transmitter release: Slow assembly of the membrane-distal half allows
control of vesicle priming by regulatory factors that can accelerate this step.
The discrete pause in the half-zippered state in the presence of a force load en-
ables clamping and thus regulation of release at this stage. Finally, the
membrane-proximal domain zippers at the diffusion-controlled rate limit to
allow neurotransmitter to be released.
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Dengue virus (DENV) infects millions of people worldwide. With no specific
treatment available, understanding its replication mechanisms is highly
required to identify future therapeutic targets. In this study [1], mostly using
AFM-based force spectroscopy [2], but also DLS, NMR and computational
studies, we show that DENV capsid protein (C) binds specifically to very
low-density lipoproteins (VLDL) but not to low-density lipoproteins (LDL).
DENV C-VLDL binding is similar to DENV C interaction with lipid droplets
(LDs), host intracellular structures essential for viral replication [3]. As on the
DENV C-LDs binding, previously characterized by us [4-6], DENV C-VLDL
interaction is Kþ-dependent, involves the DENV C intrinsically disordered N-
terminus, and is inhibited by pep14-23, a novel peptide drug lead against
DENV [5,6]. As perilipin 3 (DENV C target on LDs [3]) is structurally similar
to the VLDL protein ApoE, this protein may be the DENV C ligand on VLDL,explaining the similarities between the interactions of DENVCwith VLDL and
LDs. These data suggest the possibly of lipoviroparticles formation, as it occurs
for other flaviviruses, such as the hepatitis C virus (HCV) [7]. This process may
potentially be targeted, for DENV life cycle inhibition.
[1] Faustino et al. (2013) Nanomedicine NBM, in press.
[2] Carvalho et al. (2012) IUBMB Life 64:465.
[3] Samsa et al. (2009) PLoS Pathog 5:e1000632.
[4] Carvalho et al. (2012) J Virol 86:2096.
[5] Martins et al. (2012) Biochem J 444:405.
[6] Patent WO/2012/15918.
[7] Bartenschlager et al. (2011) Trends Microbiol 19:95.
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Desmosomes are cell-cell adhesion complexes that are present in tissues that
resist mechanical stress. They are mainly composed of two adhesive proteins,
which are members of the cadherin superfamily of cell adhesion proteins, des-
mocollin (Dsc) and desmoglein (Dsg). However, the role of these proteins in
desmosomal adhesion is unclear. Here, we use the single molecule force spec-
troscopy with an Atomic Force Microscope (AFM-FS) to characterize the inter-
actions of type-2 isoforms of desmocollin (Dsc2) and desmoglein (Dsg2). We
show that Dsc2 forms Ca2þ dependent homophilic bonds by swapping a
conserved Tryptophan (Trp) residue between opposing binding partners;
mutating this Trp inhibits Ca2þ dependent homophilic binding. In contrast,
Dsg2 forms Ca2þ independent heterophilic bonds with Dsc2 via a mechanism
that does not involve Trp strand-swapping.
Previous studies suggest that desmosome formation requires the presence of
classical cadherins at the site of desmosome assembly. This suggests a
cross-talk between desmosomal and classical cadherins at cell-adhesion con-
tacts. We therefore used AFM-FS to test if Dsc2 and Dsg2 interact with
E-cadherin, a classical cadherin present in the epithelium. Our data shows
that while Dsc2 does not bind to E-cadherin in the presence of Ca2þ, Dsg2
forms Ca2þ independent complexes with E-cadherin. Using cadherin mutants
we show that the interactions between Dsg2 and E-cadherin occur via a pre-
viously uncharacterized binding interface that does not involve either Trp
strand-swapping or X-dimer formation (two well established classical cad-
herin binding mechanisms).
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Transmissible Spongiform Encephalopathies (TSEs) are a class of neurodegen-
erative disorders characterized by the accumulation of misfolded prion protein
aggregates in the brain. In these diseases, normal cellular prion protein (PrPC)
misfolds into an infectious scrapie isoform (PrPSc), which results in PrPC aggre-
gation and neurotoxicity. Metal ions are known to play an important role in pro-
moting PrPC misfolding and aggregation, though the underlying mechanisms
are poorly understood at molecular level.
Here we use single molecule Atomic Force Microscope-Force Spectroscopy
(AFM-FS) and Confocal Fluorescence Microscopy (CFM) to determine how
divalent metal ions mediate PrP aggregation in vitro. Using AFM-FS, we
show that divalent metal ions enhance the aggregation of misfolded PrP by
increasing the on-rate for aggregate formation; the lifetimes of aggregates
are however unaffected. Increase in association rate is most pronounced
when PrP is exposed to Cu2þ and less pronounced in the presence of Zn2þ,
Ni2þ and Mn2þ. Using CFM we show that binding of metal ions to PrP induces
a conformational change that makes the protein resistant to Proteinase-K diges-
tion.Finally, we show that enhanced PrP aggregation is eliminated upon
removing the octapeptide repeat, a major metal binding site on PrP.
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The adaptation of bacteria to form biofilms has been linked to many prob-
lems in the medical field including the rise of drug-resistant superbugs.
Exopolymeric substances (EPS), including carbohydrates, proteins, and
